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the process. The CHARMM force field parameter was assigned to every atom, and the Particle Mesh Ewald electrostatics was used to compute long-range electrostatic interactions. Hydrogen atoms were added and minimized by 3000 steps of conjugate gradient minimization. After 4000 steps of conjugate gradient minimization, two stages of molecular dynamics simulations were carried out at 300 K. In the first stage, only the loop area atoms were allowed to move, and this process involved a 20 ps equilibration and 100 ps simulations. The second stage involved unrestrained molecular dynamics simulations with 20 ps equilibration and 100 ps simulations at 300 K. Trajectories were recorded every 0.1 ps, and the most stable structure was extracted and further refined by 2500 steps of conjugate gradient minimization. In the docking analysis, the binding site was assigned to the groove regions of the DNA molecule. The ICM docking was performed to find the most favorable orientation.
The resulting trajectories of the complex between 1 and G-quadruplex DNA were energy minimized, and the interaction energies were computed. 
Synthesis

Boc
Compound 1b was synthesized using a modified literature method. 9 A solution of piperazine 1a (2.58 g, 30 mmol) in dichloromethane (75 mL) was cooled to 0 °C on an ice bath. A solution of di-tert-butyldicarbonate (3.27 g, 15 mmol) in dichloromethane (30 mL) was added dropwise over 10 minutes with vigorous stirring, forming a white precipitate. The solution was removed from the ice bath and stirred under ambient conditions for 3 h. The mixture was filtered and the solvent was removed by rotary evaporation to give a clear oil. Water (30 mL) was added, forming a white precipitate. The mixture was filtered, saturated with potassium carbonate, and extracted with diethyl ether (3 x 125 mL). The organic layers were combined, dried over sodium sulfate, and evaporated to give the product as hygroscopic white crystals.
Yield: 76%. Compound 1f was synthesized using a modified literature method. 10 To a solution of .
Compound 1g was synthesized using a modified literature method. 11 A suspension of the compound 1d (0.70 g, 3.0 mmol) in DMF (18 mL) and K 2 CO 3 (829 mg, 6 mmol) was heated at 80 °C for 10 min. Compound 1f (881 mg, 3.3 mmol) were then added and the reaction was stirred at the same temperature for 6 h. After cooling at room temperature, the solvent was evaporated and the residue partitioned between water (50 mL) and ethyl acetate (50 mL). The aqueous phase was further extracted with ethyl acetate (3  30 mL) and the combined organic layers were dried over Na 2 SO 4 , evaporated to dryness and then was purified by silica gel column chromatography (eluent, ethyl acetate/dichloromethane, 1:1, v/v) to afford the desired product 1g. A solution of lithium hydroxide (73.5 mg, 1.75 mmol) in H 2 O (2 mL) was added to a solution of Intermediate 1g (330 mg, 0.70 mmol) in methanol (6 mL) and the mixture was heated at reflux for 2 h. The mixture was concentrated under reduced pressure. 30 mL water was added to the mixture and then the mixture was acidified with aqueous HCl until a white solid formed. Because compound 1h has poor solubility, it was used without further purification. 
Preparation of oligonucleotides
The DNA was prepared as previously described. 13 Before analysis, oligonucleotides were heated at 95 °C for 5 min, then diluted into 100 mM Tris-HCl, pH 7.2, 50 mM KCl and cooled to room temperature.
Luminescence response of Ir(III) complexes towards different forms of DNA
The assay was performed as previously described. 13 Oligonucleotides and Ir(III) complex were mixed at 5 µM and 1 µM final concentrations, respectively. Samples were incubated in 50 mM Tris-HCl, pH 7.2, and 50 mM KCl while the final volume is 500 µL. 
Circular dichroism (CD) measurement
CD spectra was recorded on a JASCO-815 spectropolarimeter using 1 cm path length quartz cuvettes. Spectra was collected between 220 nm and 335 nm, using 2 cm bandwidth, 100 nm min -1 scan speed and five scans. The data were baseline corrected using CD spectra of buffer alone.
Detection of AGR2 in aqueous solution
The random-coil oligonucleotides Probe A (100 μM) and Probe B (100 μM) were 
